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Introduction 
Conventional tillage methods are effective means of controlling plant disease because completely 
burying crop residues destroys plant pathogens and breaks disease cycles (Boosalis et al, 1986). 
Today, cropping practices are shifting to surface-tillage systems to offset the rising cost of 
production and to comply with USDA/ ASCS mandatory soil conservation requirements which 
have a deadline of 1 January 1995. The percentage of no-till soybean fields in Iowa was 19% of 
total acreage in 1993. It is predicted that the total acreage of conservation tillage in Iowa will 
increase to 11 million acres by 1995. Because conservation tillage practices leave crop residues on 
the surface and change the physical environment of the soil, it will undoubtedly change the 
disease picture (Cook et al, 1978). A national survey of farmers by Conservation Tillage 
Information Center (Gebhardt et al, 1985) showed that pest problems increased and became one 
of the major obstacles to adoption of conservation tillage. 
Previous Research 
Experience with other crops indicates the shift from conventional tillage to conservation tillage 
can result in development of severe epidemics. In Midwestern states, the use of conservation 
tillage in com has resulted in increased incidence of gray leaf spot, northern leaf blight, yellow 
leaf blight, Holcus leaf spot, and stalk rot. An extensive field survey in Maryland (Smith, 1989) 
showed a substantial increase of com gray leaf spot in no-till. Increase in disease severity was 
related to increase in the amount of crop debris. In Great Plains states, tanspot and 
Cephalosporium stripe of wheat, which were barely seen before conservation tillage practices 
were adopted, are major problems to the wheat industry today (Boosalis et al, 1986). 
Although few studies have been conducted to determine the effects of tillage on soybean diseases, 
evidence that soybean diseases are affected by tillage exists. In Ohio, Iowa, and Indiana, 
Phytophthora root rot (Phytophthora sojae) was found to be more severe in no-till than in 
conventionally tilled fields (Schmitthenner and Doren, 1985; Tachibana, 1983). Similar 
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observations were made in Georgia (Summnr et al, 1981). In Maryland, Rhizoctonia damping-off 
increased significantly in conservation tillage. 
Soybean diseases such as Diaporthe pod and stem blight, Cercospora leaf spot, and sudden death 
syndrome (SDS), which are relatively new in Iowa, may increase under no-till. Increase of 
infection by Phomopsis and Cercospora under no-till has been observed in Indiana and Iowa. In the 
last few years, the increase of SDS in the northern region may be associated with the increase of 
no-till. A study in Indiana showed that SDS can be more severe under no-till than conventional 
till residue management practices (Qualen et al, 1989) because no-till increases soil moisture, 
favoring the SDS pathogen. Information on the relationship between the development of SDS 
and reduced tillage is critical in understanding the epidemiology and eventual control of the 
disease. 
Disease Parameters in No-till 
There are four basic parameters contributing to the increase of diseases problems in no-till. First, 
since many pathogens are concentrated on above ground parts in diseased plants and reproduce 
profusely on soybean debris, conservation tillage increases pathogen inoculum in soybean fields. 
A study in Wisconsin showed that survival rate of the brown stem rot (BSR) pathogen (Philophora 
gregata) was higher when soybean residues were left on the soil surface than when buried in soil, 
ultimately leading to an increase in population of the fungus (Grau 1993). Similar observations 
were made in Iowa for BSR and Phytophthora root rot. 
Secondly, reduced tillage reduces soil temperature and increases soil moisture because of surface 
coverage by residues (Cook et al, 1978). Low soil temperature favors the development of soybean 
diseases such as seedling blight, brown stem rot, and Phomopsis seed decay. Increased soil 
moisture favors Phytophthora root rot and Pythium seedling blight. 
Thirdly, increasing weed population densities in no-till often increases the incidence of diseases 
because many weeds serve as alternative hosts for plant pathogens when soybean is rotated with 
corn (Bowman et al, 1986; Helbig and Carroll, 1984). Many weeds found in Iowa have been 
reported as potential hosts for seedling blight pathogens. The weeds provide the pathogens a 
reproductive base during growing seasons when soybean is rotated with corn. For example, 
soybean white mold attacks broadleaf weeds during seasons when corn is grown. Moreover, 
increased use of herbicides in no-till has increased incidence of seedling blights in many crops 
(Boosalis et al, 1986). 
Lastly, poor root health in no-till or reduced till systems is another key agronomic parameter 
contributing to increased disease problems. The compacted, cold, wet soil results in poor root 
development. Uneven growth is very common in no-till soybean fields. It is expected that this 
observation will continue and soybean root growth and yield will be negatively impacted, 
especially on heavy soil types. Plants with unhealthy roots can lose field resistance and are very 
vulnerable to pathogen attack. Few studies have focused on soybean root health. Factors 
affecting root growth, development, and health need to be identified. 
158 
No-till Studies in Iowa 
When soybean producers submit diseased plant samples to the Plant Disease Clinic at Iowa State 
University, tillage information sometimes is available. In 1994, we were able to obtain tillage 
information for 108 cases. Of these cases, 48 were from no-till, 43 from chisel till, 10 from disc till, 
3 from plow, 6 from ridge till or minimum till. Samples from no-till fields accounted for 44% of 
the cases. Since only 24% of Iowa soybean fields were in no-till and 25% was not conservation 
tillage in 1994, this trend may indicate an association of higher risk in no-till in comparison with 
conventional tillage. 
In the past two years, we conducted experiments in ISU research farms at Nashua and Kanawha 
to determine the effect tillage on major soybean diseases in Iowa. The field in Nashua has an 18-
year history of adjacent till and no-till soybean plots. Field plots in Kanawha consisted of no-till, 
chisel till, ridge till, and moldboard plow. Each tillage plot at both locations was planted to 
several soybean varieties differing in resistance to various root and foliar diseases. A brief 
summary of the results is presented below. 
Foliar Diseases 
Our two year results showed that the two most common foliar diseases, bacterial blight and 
brown spot, were slightly greater in no-till than chisel till or plow, especially at early season. The 
degree of the differences, however, depended on the soybean variety. BSR 101, shown to be most 
susceptible to bacterial blight, depicted the greatest variation in severity between the tillage 
systems. Brown spot generally was severe in the late stage and BSR 101 had the highest rating in 
this disease too. Because the incidence of two diseases are generally low in a season, their effect 
on yield may not be significant. However, the significance of no-till on these diseases under 
favorable weather conditions needs further study. 
White Mold 
The incidence of white mold was higher in no-till than conventional tillage. Results of our 
experiments in Nashua Research Farm showed that the disease was more severe in no-till than 
plow tillage (Fig. 1). Furthermore, the drill-planted soybean had more disease than row-planted 
soybean (Fig. 2) presumably because high density in drill-bean is favorable to the occurrence of 
the disease. Williams 82 had the highest number of diseased plants perhaps because the bushy 
canopy was more favorable to the disease. 
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Fig. 1. Comparison of incidence of white mold of soybean between no-till field and plowed field in 1994 at Nashua 
Research Farm. 
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Fig. 2. Comparison of incidence of white mold of soybean between drill- and row-planted soybean in 1994 at Nashua 
Research Farm. 
In Kanawha, white mold was not observed in 1993. In 1994, the disease occurred and the results 
were consistent with those of Nashua as no-till and ridge till had higher white mold incidence in 
Williams 82 than plow tillage (Fig. 3). The incidence of white mold in plow plots was, however, 
lower in Kanawha (less than 2%) than that in Nashua (8%). The white mold incidence was much 
higher on Marcus in Nashua than Kanawha. This difference may be because fields in Nashua has 
been in no-till for 18 years. Another important fact was that use of certain varieties, such as IA 
2007 and Kenwood, growth of which is up right, could reduce white mold incidence in 
comparison with Williams 82. 
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Fig. 3. Comparison of incidence white mold of soybean among four different tillage systems in 1994 at Kanawha 
Research Farm. 
Brown Stem Rot 
To determine the long term survival ability of the pathogen in soybean debris, 24locations in 
different regions of Iowa were selected in 1993. At each location, adjacent fields cropped with 
soybean in 1993 (current residue), 1992 (1-yr-old residue) and 1991(2-yr-old residue) were 
identified. Soybean debris were collected from these fields and processed and plated onto 
serniselective medium as described by Mengistu et al (1991). 
The average population densities for current, 1- and 2-year old residues were 3.1 x 104, 3.0 x 104 
and 7.1 x 103, respectively (Fig. 4) There was more variation in population densities among 
locations than among the age of residues. However, it is interesting to note that on the average, 
one year old residue yielded about the same colony forming units/ g of tissue as current residues. 
The density of the pathogen in two-year-old residue suggested that enough inoculum can survive 
through the com rotations to cause substantial damage on subsequent soybean crops. 
In a separate experiment, infected soybean sterns with predetermined population densities of the 
pathogen (colony forming unit (CFU)/ g of tissue) were either buried to a 20 ern depth or left on 
the surface at 4 separate locations in November 1993. In March 1994, the sterns were recovered 
and assayed for populations of P. gregata. The survival rate of the pathogen was greater in buried 
sterns than in sterns left on the surface. The result was consistent at all locations (Fig. 5). The 
difference in overwintering may be because of a temperature factor, as the sterns left on the 
surface may have been exposed to lower freezing temperatures than those buried. 
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Fig 4. Survival of brown stem rot pathogens on soybean sterns left on ground over a period of 3 years. 
50 
IIIIIDLeft on surface ~Buried 
~ 
40 u.. 
(..) 
r-i 
~ 30 c 
·r-1 
0> 
·r-1 
'- 20 0 
'1-
0 
o\o 10 
0 
2 3 4 
Location 
Fig 5. Comparison of survivability of brown stem rot pathogens between soybean sterns left on ground and buried in 
soil for a winter. 
In Nashua, severity of brown stem rot, as measured by the length of stem browning, was higher 
in no-till field than in plowed field (Fig. 6). The results were consistent for all four varieties used 
and for two planting methods, drill- and row-planting. Data from Kanawha Research Farm is 
under analysis. 
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Fig 6. Comparison of brown stem rot severity of browning measured as length of browning between no-till and plowed 
fields in 1994 at Nashua Research Farm. 
The incidence of BSR foliar symptoms, usually observed late in the season, was much higher in 
no-till field than plow or chisel-till plots when susceptible varieties Kenwood and Marcus were 
used (Fig. 7), This data may also indicate that the risk for brown stem rot may be higher in no-till 
than conventional tillage. However, the incidence of foliar symptoms was low (in no-till?) when 
resistant varieties such as IA 2008 were used. The results from Nashua were consistent with that 
of Kanawha. 
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Fig 7. Comparison of incidence of brown stem rot foliar symptoms between four different tillage systems in 1994 at 
Kanawha Research Farm. 
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Phytophthora root rot 
Phytophthora root rot is an important disease of soybean in Iowa. The disease is favored by 
compacted and poorly drained soils. To determine the effect of tillage practices on propagule 
densities of the pathogen, soils samples were collected from adjacent no-till and till fields at a total 
of 60 locations in Indiana, illinois, Iowa and Minnesota in June 1994. Populations of the pathogen 
in the samples were then assessed in a growth chamber using leaf-disc-bioassay method. In other 
Phytophthora species, this method was shown to be better correlated with disease severity under 
field -condition than the standard dilution plate method (Neher et al.,1993). Early indications are 
that propagules of the pathogen are detected in higher percentage of samples from no-ill than in 
those from conventionally tilled fields. 
Soybean cyst nematode 
Consistent positive or negative effects of no-till residue management on soybean cyst nematode 
are not well documented, especially in field managed by no-till for only a few years. One obvious 
impact of no-till management on soybean cyst nematode is the reduction in within-field spread of 
the nematode by farm machinery due to less mechanical disturbance of the soil with such 
equipment. Additionally, there are a few reports of decreased soybean cyst nematode 
reproduction, and corresponding increased soybean yield, in no-till soils relative to 
conventionally tilled soils. 
However, it is not known whether these differences are due to direct negative effects of no-till 
residue management on the nematode, due to direct positive effects of no-till management on the 
soybean crop making it more tolerant to the nematode, or due to reduced soybean root growth in 
no-till soils, reduced within-field spread of the nematode, or an indirect negative effect of no-till 
practices on physical conditions of the soil, or effects on the biology, epidemiology, and 
pathogenicity of SCN. 
Disease Management in No-till 
Because there may be a higher risk of disease in no-till than conventional tillage, more 
information and knowledge of disease management is required. Prevention of the disease build-
up is an economically efficient approach for disease management, which requires the producers 
to scout for and identify soybean diseases at early stage of disease development. Data of current 
studies suggest that the principles and methods to manage soybean diseases under no-till may 
not be different from those used for conventional tillage. 
There are two major approaches to manage the increased risk in conservation tillage. The first is 
cultural practices which include the right tillage system and planting density. For example, 
because the risk of soybean white mold is higher in drill planted soybean than row planted 
soybean, use of row planting can reduce the risk. 
Plowing the areas where diseases occur may prevent a build-up of a disease in no-till fields. This 
is a site-specific treatment. By marking the spots where the disease occurs in a season, one can 
plow the infested spot with a limited effort. Deep plowing buries the infested residues and 
reduces the disease risk. 
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The second approach is to choose resistant cultivars when diseases occur. Use of resistant 
cultivars is the most effective and economic approach for disease management in conservation 
tillage and there are cultivars available resistant to some diseases. As shown in our results, IA 
2008 reduces BSR in no-till. Use of varieties with up right architecture, such as Kenwood, can 
reduce white mold. 
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